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Inclusive
production <

Determination of gluon polarization
- @ major emphasis at STAR-Spin program at RHIC

| High production rate
(low luminosity)

Reaction Dom. partonic process | probes | LO Feynman diagram
=+ X 33 — gg Ag M
q9 — a9 j i
" j.et(S) ik no B (as above)
this talk @7 — qg :
w—=r+X 37 — g Ag
p—+jet+X 47 — g Ag } {'

/s = 200(500) GeV

Known NLO corrections (all cases)

Classic ‘tool’ to access
gluon distribution
function - ‘rare probes’
(high luminosity)

How are we going to access information about polarized
gluon distribution function?
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Inclusive jet production in pp interactions

® Cross section
(A)o o E (A)pdf ® (A)pdf ® (A)a,, hard scattering

ab- sub-processes 5 do
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jets - no fragmentation functions are needed (systematics!)

e Asymmetries A, = Ao 0O, —0O,  Ac - very small (difficult to measure),measure asymmetries

o o, +0, instead, where most of systematic effects cancel out
Jager et.al, P GeV]
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X
Sensitivity to the gluon polarization (no parton kinematics reconstruction)

- Convolutions “pdf x pdf x hard scattering” complicated and inversion A, — Ag not straightforward
- At the moment emphasis is on NLO predictions of A, in terms of “model” Ag

-Future: CTEQ-style global analysis of variety of A, data
W.Vogelsang
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RHIC ( Relativistic Heavy Ion Collider ) - polarized pp collider

RHIC polarimeters

) = two siberian snakes in each ring:

stable polarization direction at RHIC - vertical
beam polarization measured by RHIC polarimeters

= 3 pair of spin rotators in each ring around STAR
(and PHENIX) IR (Interaction Region):
longitudinal polarization at two Irs

Snakes /S =200-500 GeV gir?aekrieasn

STAR local polarimeter - to monitor beam
polarization direction

STAR IR

PHENIX IR

Spin Rotators Polarization pattern at STAR, e.g. in 2004
Off = transverse polarization Sissessssssssssssssssssssssssssssossssssssssssssssssssssssss NNl

On = longitudinal polarization ¥ biBeeebRREEEREC-- opeEsERERssbRBsoRREEERREsEsRRERRe @ Helicity -

pp Run 2002 2003 2004 2005 - > 2006 LongTermGoals
production

CM Energy 200 GeV 200 GeV 500 GeV
Beam polarization/direction at STAR | 0,15 T | 0.30 T/L | 0.40 L | 0.45 /T 0.7 T/L 0.7 T/L
Lo [ 1030 sTcm2 ] 2 6 6 16 80 200

L. [pb? ] (STAR,delivered) 0.3 0.5/0.4 0.4 9/0.4 320 800

N /
~N 4

Results from this data analysis presented in this talk



STAR Detector

- designed for Heavy Ion program to search for quark-gluon plasma

Silicon Vertex
Tracker

E-M
Calorimeter

Time Projection
Chamber

Time of
Flight

Electronics
Platforms

542 collaborators from
51 institutions and 12 countries

Forward Time Projection Chamber



STAR detector

Solenoidal Magnet

* B=05T Solenoid Magnset

Tracking Detectors Eloctomasnatic )

e Time Projection Chamber |n|<1.6 Caggfrlﬂr%jte’ _ - _ _

»  Forward TPC 2.5<|n|<4.0 | oI Interaction Point
e Silicon Vertex Tracker Inl<1 FE{E;?EEZ? o F

_ <«— 7Cc ﬁ‘ (TPC) ™" Zoc —>
Trigger Detectors = J T \Be B
e Beam-Beam Counters 3.4<|n|<5 _Enﬁ [_Ligzct; m— JlﬂllﬂlL.«-f - m Counters e
e Zero-Degree Calorimeter  |n|~6 =l ’ \ IS S,hm (B8C) _IE
_ _ _ ~ Blue(proton) Vortex

+ E-M Calorimeters - installation beam magnet _ Tragker Endcap

in stages (completed before 2006) poletip meard TPG =ME

e Barrel EMC In|<1

e Endcap EMC 1.0< n <2.0

e Forward Pion Detector 3.3<|n|<4.1 S
Cutway side view of the detector

where pseudorapidity n=-In tan6/2

TPC+EMC for jet reconstruction

BBC + scaler board system for (relative) luminosity and polarization monitoring
(information recorded every bunch crossing, i.e. 107 ns)
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Jet reconstruction at STAR

Jet reconstruction at STAR - via TPC p; for charged hadrons and EMC E;
for electro-magnetic showers

di-Jet Event

1) Jets reconstruction - cone algorithm (Tevatron)
seed energy = 0.5 GeV, cone angle R = 0.4 in n-¢

splitting/merging fraction f=0.5

2) Trigger used in this analysis - High Tower:
E; > 2.4 GeV deposited in one tower (An x Ad ) = (0.05 x 0.05)

+ additional requirement of BBC coincidence.

3) Data set: ~0.3 pb! (2003 and 2004) recorded luminosity
<P,> =0.3 (2003) and <P,> = 0.4 (2004)

4) Cuts on:

= |z-vertex| < 75cm (2003) and < 60cm (2004)

= charged tracks |n| < 1.6 and p; >0.1 GeV/c Inclusive jet cross section measured

= jets: p;jet > 5 GeV/c, 0.2< jet n (det) <0.8 over (large!) range 5 < jet p.< 50 GeV/c.

= background: Egyc/E.< 0.9 (2004) and < 0.8 (2003) -talk by M.Miller, MIT- Session II.5 Thursday

5) Final statistics (after cuts) for 5 < jet pr < 17 GeV/c:
125k (2003) and 162k (2004) = 300 k jets

7
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Effect of cuts on jet statistics (e.g. 2004)

Initial sample = 1.4 M HighTower trigger events ( 0.4 M jets reconstructed )

14000—
L M 1.256
C vertex cuts ean

120001 RMS 53.74
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Remains

- | ~75% jets |
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z-vertex [cm]

2000(—

ECut on background ( ‘jets’ with no TPC tracks
-only e-m energy) \

10°
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Jet Egmc/Eot
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2000

0 0.5 '|1__'_ 15
BEMC acceptance et 1) (det)

Number of jets (HighTower events)
about ~35% jet survives these cuts
- 160k final (2004) statistics



Double Longitudinal Spin Asymmetry Measurements

o, —0,_ 1 N, , —-RN,_

A, = = X
O-++ + O-+— PIPZ N++ + RN+—

Statistical significance: P2P?- f Ldt

Require concurrent measurements:

e magnitude of beam polarization, P1(2)

e direction of polarization vector at interaction point BBC +
e relative luminosity of bunch crossings with different | scalers
spin directions: L
R — ++
L

+-

e spin dependent yields of process of interest N;
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Double spin asymmetry A, (preliminary) results
in inclusive jet production in p+p collisions at sqrt(s)=200GeV

0.2

&
sTAR 2004 PRELMINARY  jet cone=0.4 0.15
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B.Jager et.al, Phys.Rev.D70(2004) 034010
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= Consistent results from 2003 and 2004 analyses
= Results limited by statistical precision
= Total systematic uncertainty ~0.01 (STAR) + beam polarization (RHIC)

Sources of systematic uncertainties: background contribution, trigger bias, relative
luminosity, residual (non-longitudinal) asymmetries, bunch to bunch systematic variations
(random pattern analysis) + beam polarization
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e Jet

(= ‘jets” with no TPC tracks, only e-m energy)
- can cause a bias in the measurement of A, ¢

A p +f p XAbg p 10°
Alzzeas(pT)= LL( T) bg( T) LL( T)

A, systematics - a closer look

background contribution

100

1+ fbg(pT)

- 0<n(det)<1

2004 %
I excluded from the ifin | jet sample

0 0.2

0.4

0.6 08, ' _1

Jet Epyic/Ero

We estimated (i) the background spectrum and background fraction fy, in the final
(after all cuts, including Jet Eg,,-/E, <0.9 cut) jet sample and (ii) extracted
background asymmetry Abe

AdE %500

0.4

0.2

-0.2
-0.4
-0.6

-0.8

1=

of

¥2 1 ndf 6.959 /6
po -0.05728 [+ 0.02788

2 1 } J ‘
- Jet Epy /B, >0.9

— 0<n(det)<l
é' ‘ 'é - '1|n' ' '1|2‘ s ‘1|s‘ ' '1|3' ' 'zln‘ '
jetpT[GeV]
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fpy<0.05
AP =~ -0.06 + 0.03
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A,,<0.003

sys,bg
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High Tower trigger (E, > 2.4 GeV deposited in one tower) selects
on e-m energy deposits and may thus distort the partonic sub-

A, systematics - a closer look
* Trigger bias

process contributions in inclusive jet production.

Possible size of this effect was estimated from MonteCarlo
(Pythia+GEANT) simulations of the trigger response, and

W.Vogelsang

.1 Trigger bias suppresses
gg scattering in STAR

LR

from various polarized parton distribution functions such as
GRSV-std and -max.

0.1

0.1

@ GRSV std
ALL O GRSV std w. trigger bias (off-zet horizontally for display purposes ALL
0.05 0.05
T X R *’
Lo «c®®® T ;
uncertainties reflect MG statistics and are correlated between datasets
-0.05 | | l | | 0.05
0 5 10 15 20 25
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transverse momentum (Gel/c)

|A;; (with bias) - A;; (no bias)| < 0.007
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A GRSV max
M GRSV max w. trigger bias (off-set horizontally for display pugﬁu#

uncertainties reflect MC statistics and are correlated between datasets

5 10 15 20

transverse momentum (GeW/ic)
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Systematic Study for A;, - Random Fill Pattern Analysis

= Method: take true fill pattern (56 bunches in 2004) and mix assignment of spin up and down
bunches (red and green points) to the bunch crossing number

1 3 41 _
v @ spin up
B @0 @ spin down
41 51 1 11 21 31
= Input " Result for: one random fill pattern and 400 random fill patterns
%160§Qn_e (out of 127) data sample I - - 90§ e
5140;—_7 A 1 I _— TN _ i LI p0 -0.007613 £ 0.0169 ; Mean 00003743
(RTINS I M — dyatAy = 00169 % JL
ol il iy | | I M o RMS=0.0164(6)
80 - []_ k 1 Mj w By ml 50
wll g ] ] 40
s T
il B 20—
0 2@1 a0 60 H 80 Bu;ﬁou;ss; r:gzlo -1;— 10;
020 20 e 0 00 120 d 82 045 04 005 0 '(')o.o('sl'\';alf"dn's"h.z)
Runl p ean A

The RMS is consistent with A, statistical uncertainties indicating that
bunch to bunch and fill to fill systematic uncertainties are negligible
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Cross checks - e.g. (2004) parity violating asymmetries

- 0.2E it 352215 o 0'25 2 ndf 5.525/5
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Consistent with zero - as expected

All other asymmetries were found consistent with zero

I I I I I Massachusetts Institute of Technology

Joanna Kiryluk

14

FTAR sohr



Status of Run5 data analysis

BEMC Jet-Patch trigger

—YuBu
—YuBd
YdBu

Improvements for Run5 (Spring 2005)

¢ P,~45% (~40% in Run4) L= 3/pb (0.3/pb in Run4)

FoM (Run5)/FoM(Run4) = 16 : e
e Acceptance: 3/4 BEMC complete  (1/2 in Run4) Wk
e BEMC Jet-Patch (An x A¢ =1x1) trigger data collected
in addition to High-Tower trigger data. 10

Jet sample: o HT trigger ~0.7M  (0.16M in Run4)

o | Uncorrected

o JP trigger ~2.2M (test in Run4) raw yield

2005 scaler data a0° 1?....|....|....|....|..FH

B i 0 10 20 30 B el

- —112 T
0.98 .
096/ L e The analysis of the more precise Run5 data is well
0.94F- 8 under way.

- Jr ) e We are studying systematic effects, such as spin
092 el 6 dependent backgrounds to correspondingly refined

levels of accuracy.

i e For Run5 the relative luminosities are resolved in
L . vertex-z (additional scaler boards)
|

L1 L 11 L1 1 | L1 1 |_0
8 10 12 14 16
BBC vertex bin

Relative luminosity
e

0.88

0.86




Inclusive jet production -
prospects for Run5 (first long pp run) and Run6 (requested)

-l

,,2005 Projections (based on data)
& | e

2006 Projections L=20pb! P=50%

0.08

0.06
0.04|

0.02}-

-0.02F

-0.041— -0.04

_I | 11 | | 11 | | 11 1 | 11 | | 11 | | 11 | | 11 | | 11 | | 11 | |I —
'0.06 1 L1 | | 11 1 | L1 | | L1 | | 11 1 | 11 | | 11 | | 11 | | 11 | | 1
6 8 10 12 14 16 18 20 t22 G24V -0.06 ¢ g 10 iz 14 16 18 20 22 24
je pT[ eV] jet P, [GeV]

STAR requests a long pp run in Runé which should
give a FOM improvement by >10 over Runb5.

STAR will be able to distinguish between various scenarios

for gluon polarization in the proton.
16
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Summary and Outlook

®  We presented the first (preliminary) results for the measurement of double spin
asymmetry A, in inclusive jet production in polarized proton-proton collisions
at sqrt(s)= 200 GeV over the measured jet p; range 5-17 GeV .

® The data was collected during 2 weeks in 2003 (first physics pp run at RHIC with
longitudinally polarized beams) and 2 weeks in 2004 (commissioning run) with
average beam polarizations of about 30% in 2003 and 40% in 2004.

® The asymmetry A is consistent with evaluations based on DIS over the
measured kinematic range of jet 5 < p; < 17 GeV/c.

® The results for A | are limited by statistical uncertainties of about 0.015 and
currently do not distinguish between the different scenarios for gluon
polarization in the proton allowed by polarized DIS data.

Prospects for Run5 and Run6

® In Run5 STAR collected ~10 times more statistics (the first long pp run) with
higher beam polarization (better source) than in 2003 and 2004.

® STAR will be able to distinguish between various scenarios for gluon
polarization in the proton.
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